The biosynthesis of the potent marine antibiotic, pentabromopseudilin (1), was investigated. Feeding studies with Alteromonas luteoviolaceus were performed on a defined medium. D,L-[5-
Nature has devised many different biosynthetic pathways towards pyrrole rings. Next to the well-studied amino-laevulinic acid-based biosynthesis of the porphyrins, it has been shown that, in the prodigiosins (3), each of the pyrrole rings is build in a different way, starting from proline, serine, glycine and acetate. 1) Proline is also the pyrrole precursor in streptopyrrole; 2) however, the carbonyl group undergoes an unusual rearrangement, similar to the one observed in the biosynthesis of pyralomicin 1a.
3) Verrucarin E is built up entirely from acetate 4) while in the case of glycerinopyrin, the heterocycle is formed from leucine. 5) In the biosynthesis of pyrrolnitrin, a chemically daunting rearrangement of tryptophan is performed. 6) Pentabromopseudilin (1), a powerful pyrrole-based marine antibiotic, 7) has been isolated from Pseudomonas bromoutilis and, together with violacein (2), from Chromobacteria and Alteromonas luteoviolaceus (Scheme 1). 8) Its structure has been elucidated by X-ray crystallography and confirmed by three independent syntheses. [9] [10] [11] The biosynthesis of violacein (2) has been elucidated, and it was shown that it is derived from tryptophan. 12) Two structural features of 1 are unusual: the straightforward carbon framework and its extremely high content of bromine (over 70%) combined with high biological activity. Although the carbon framework is simple, there is no obvious biosynthetic route that should lead to this compound. In previous studies with Alteromonas luteoviolaceus, it has been shown that the benzene moiety of 1 was derived from the shikimic acid pathway and that p-hydroxy benzoic acid (4) was its direct precursor. 13) In those studies, it was also found that neither [U-
13 C]glucose, labelled acetate, tryptophan or glycerol labelled the pyrrole ring, thereby ruling out a biosynthesis similar to the one of verrucarin E or to that of pyrrolnitrin. Thus, the pyrrole ring of 1 poses a formidable challenge for biosynthetic research.
Based on the fact that glycine is a biosynthetic precursor of amino-laevulinic acid and of the prodigiosins, both directly and via its conversion to serine, a feeding experiment with [1,2- 13 C]glycine was performed (Scheme 1). Unexpectedly, C1 0 , C2 0 and C3 0 , as well as C5 0 of 1 each showed enrichment of 1-2%. 15, 16) were utilised for the formation of the pyrrole ring of 1. In order to rule out any disturbance from the complex medium, an approach based on limited media was developed.
A mixture of L-[U-13 C]amino acids 17) as the only carbon source afforded a pentabromopseudilin (1), where strong C,C coupling indicated the incorporation of an intact C 4 unit into the pyrrole ring. On a yeast extract/bacto peptone medium, this mixture of uniformly 13 C-labelled amino acids was incorporated only into the benzene ring (up to 9% with the typical coupling pattern of a symmetrical shikimic acid derivative, namely 4) but not into the pyrrole ring of 1. Obviously the complex medium contained a late precursor for the biosynthesis of the pyrrole ring.
Alteromonas luteoviolaceus also grew well on a defined medium consisting solely of glycine and glucose. Previous feeding experiments had shown neither compound to be a direct precursor of the pyrrole ring of 1, so it is not surprising that, under these conditions, no antibiotic was formed. Upon the addition of proline or 4-hydroxyproline to this second medium, however, 1 was formed again. Proline was therefore reconsidered as a possible precursor of the pyrrole ring. In order to trace the incorporation of proline, D,L- [5- 13 C]proline was synthesised according to a modified literature procedure.
18) By integrating several steps (a and b; e, f and g; Scheme 2), this procedure could be significantly improved. Starting from -butyrolactone and [
13 C]-cyanide, crude -cyanobutyrate was obtained and directly converted into its methyl ester. Subsequently, the nitrile group was catalytically reduced. The amino group was protected with phthalic anhydride, while saponifying the ester at the same time, again improving on the original synthesis. Bromination at the -position, subsequent deprotection of the amino group and base-catalysed cyclisation gave desired D,L-[5-
13 C]-proline in seven steps with an overall yield of 55%.
In a feeding study with 2 l of a defined medium
L-ornithine, glycine and KBr, 16 mg of pentabromopseudilin (1) were obtained after shaking the Alteromonas luteoviolaceus cultures at 24 C for 72 h. 1 was indeed labelled on the pyrrole ring at C2 and C5, with 30%
13 C each (Scheme 3). As expected of a feeding experiment with a singly labelled compound, no 2 J C2{C5 was observed.
19) The overall enrichment of 1 by 60% demonstrates that proline was converted almost directly into the pyrrole ring. The fact that two carbon atoms, C2 and C5, were equally 13 C enriched clearly indicates that at least one intermediate on the biosynthetic pathway from proline to 1 must have been symmetrical. This was not the case for the proline-based pyrrole biosyntheses described earlier. It therefore indicates that the prolinebased formation of the pyrrole ring of 1 proceeded via a unique pathway.
As the bacto peptone was found to contain a high concentration of 4-hydroxyproline (explaining the unsuccessful feeding experiments on the complex medium) and bacteria are known to be able to transform proline via 4-hydroxyproline into pyrrole-2-carboxylic acid, this, too, was fed. However, neither pyrrole-2-carboxylic acid nor pyrrole itself could induce the formation of 1 by Alteromonas luteoviolaceus on the glycine/glucose medium. This suggests that although 4-hydroxyproline was very close to the final, symmetrical biosynthetic precursor of 1, the aromaticity might only be introduced once the carbon framework of 1 has been assembled. Further details are still under investigation.
L-[U-
13 C]amino acids was dissolved in 1 liter of the medium. 18) Pichat, L., Herbert, M., and Mizon, J., Methode de synthese de la proline marquee au 14C dan le noyau pyrrolidine-DL-proline 14C-5. Bull. Soc. Chim. Fr.,
1792-1793 (1963). 19) A clear
1 J C5{C1 0 ¼ 69:5 Hz was visible, but C1 0 was not labelled. However, given the high incorporation rate at C5, approximately 30% of 13 C at C1 0 had a 13 C at C5 as a neighbour. Due to the close proximity of the signals to one another, the 1 J and 2 J coupling of C2, C3 and C4 cannot be unambiguously assigned.
